The significance of left atrial volume has been studied in 20 consecutive patients with mitral stenosis. Cardiac catheterization was performed and resting pressures in the right atrium, right ventricle, and pulmonary artery, as well as wedge pressure, were determined. Angiocardiography was performed immediately after cardiac catheterization. On the basis of these data the relationship between the estimated left atrial volume and these pressures is stated. E NLARGEMENT of the left atrium is a characteristic and constant finding in mitral stenosis.1 The degree of left atrial enlargement, which varies considerably from patient to patient, may be due to a single cause or a combination of factors such as left intraatrial pressure, intrinsic left atrial disease, and hypervolemia.
METHODS AND MATERIALS
Twenty consecutive unoperated individuals with isolated initral stenosis were studied. There were 16 females and 4 males, 25 to 60 years old. None was in heart failure at the time of study. All had a late diastolic rumbling murmur with presystolic accentuation, of variable intensity, at the apex. None had a mitral systolic murmur with an intensity greater than grade I; indeed, 13 had no systolic murmur at all. iIM and P2 were loud. There was normal sinus rhythm in 14 and atrial fibrillation in 6. None had a lifting thrust at the apex. All showed on roentgenray study a variable degree of prominence of the pulmonary artery and enlargement of the left atrium and right ventricle. None had a roentgen diagnosis of left ventricular enlargement. The over-all size of the cardiac silhouette was reported as normal in 10 individuals and variably enlarged but never greatly so in the remaining 10. There was no instance of leftward deviation of the QRS in the extremity leads nor signs of left ventricular hypertrophy in the precordial leads. Finally, the pressure pulse obtained From the departments of Medicine, Temple University School of Medicine and Hospital, and Episcopal Hospital, Philadelphia, Pa. Supported in part by a grant from the Heart Associat ion of Southeastern Pennsylvania. 430 by cardiac catheterization disclosed no evidence suggestive of mitral regurgitation. All patients were studied in the postabsorptive state and without sedation. The technic of venous cardiac catheterization was performed with the patient in the supine position. Resting pressures in the right atrium, right ventricle, and pulmonary artery were obtained. For the purpose of this study, only the pulmonary artery pressure is given. Pressure was also obtained after wedging the pulmonary artery by catheter, according to the method of Hellems and his associates.2 Pressure so obtained was designated pulmonary capillary venous pressure, according to custom, but only if blood from this site had an oxygen content approximating that from the femoral artery. All pressures were recorded with a Statham strain-gage electromanometer and Cambridge directwriting oscillograph.
The mean pulmonary artery pressure and the mean pulmonary capillary venous pressure were determined by planimetric integration. In our laboratory, the normal mean pulmonary artery pressure is 13 mm. Hg and the mean capillary venous pressure is no greater than 12 mm. Hg.
Immediately after cardiac catheterization, angiocardiography was done with the patient in the sitting position. We In this series, the smallest left atrial volume was 270 ml. and the largest 918 ml. Three were less than 300 ml., 5 between 300 and 400 ml., 3 between 400 and 500 ml., 5 between 500 and 600 ml., and 4,680 ml. or more. The mean One such factor may be change in elasticity of the left atrial wall. Decrease in elasticity of the left atrial wall, however, could be due either to the effect of an abnormally elevated pressure operating over a prolonged time or to factors independent of the back pressure produced by mnitral block.
The effect on left atrial volume of chronically elevated pressures can be determined definitively only by longitudinal studies over a prolonlged time. Such studies are, as yet, not available. Our preliminary studies of a few patients, studied for slightly more than 3 years, fail to reveal any significant change in left atrial volume. Indeed, we have conventional roentgeinograms of individuals with mitral stenosis that reveal no detectable change in over-all cardiac size or shape for over 2 decades, but admittedly the left atrial volume is difficult to estimate by such relatively crude studies. 3 An indirect method of attempting to assess the effect of time is to determine the relationship of left atrial volume and pulmonary vascular pressures to the age of patient and to kniowsnii duiration. of rheumatic state and of rheumatic heart disease. This is possibly an oversimplification of the problem because of the uncertainty of the duration of the level of the pulmonary vascular pressures found at the time of study. Nevertheless, a positive correlation would suggest a definite relationship, whereas very wide variations in opposite directions point very strongly to factors other than pressure due to mitral block as more important in determining the degree of left atrial enlargement. We have therefore analyzed our data with respect to age of patient and to duration both of the rheumatic state and of kniows-n rheumatic heart disease.
1)uratioii of the rheumatic state is defined as the difference between the present age and the age at onset of rheumatic fever. Because of the frequent absence of a history of rheumatic fever and because we are concerned specifically with its cardiac component, duration of known heart disease was also determined. This is defined as the difference between the present age and the age at which heart disease was first recognized and thereafter constantly present. No significant relation was found between these factors and either the left atrial volume or the pulmonary vascular pressures (table 2 ).
An additional 18 cases, not included in this study, were analyzed to determine any trend toward possible relation between age and left atrial volume and again no significant relationship was found (r = 0.495, p > 0.80). Likewise, in an additional 11 cases, no significant relationship was found between mean pulmonary capillary venous pressure and duration of known heart disease (r = -0.183, p > 0.50).
This lack of correlation between volume and pressure is most clearly indicated by those patients (C.P., L.S., J.S., and A.R.) who have an enlarged left atrium and normal pulmonary capillary venous pressure. Under such circumstances, one might assume either that there never was preceding mitral block due to mitral stenosis or that the pressure dropped without restoration of the left atrial volume to normal. The latter appears untenable because there are individuals with enlarged left atria who have a normal cardiac output. Had the hypothetical pulmonary capillary venous hypertension actually been due to structural mitral stenosis, its fall to normal would result in a diminished cardiac output inasmuch as the structural stenosis in the absence of surgery is permanent.
Two other causes for left atrial enlargement, among other possibilities, are rheumatic atrial myocarditis and cardiac failure of any cause.
Rheumatic atrial myocarditis was previously the dominant explanation for left atrial enlargement in rheumatic heart disease. This hypothesis has abundant support in anatomic studies of the heart.4 Indeed, Bramwell and Duguid,5 in a study of aneurysmal dilatation of the left atrium, concluded that the only obvious cause for such enlargement was "fibrosis of the auricular wall . . due to an ischemic necrosis associated with a rheumatic infection . . " They discounted the mechanical influence of any mitral valvular lesion because stenosis or regurgitation may be present and marked enlargement of the left atrium is rare, while both stenosis and regurgitation are relatively common 
